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(57) ABSTRACT

An access node is provided in a wireless communication
network for conducting interference resolution of a received
signal, the access node comprising a transceiver module, a
backhaul module, and a memory. The access node further
comprises a processor coupled to the transceiver module, the
backhaul module and the memory and configured to identify
a neighboring access node in the wireless communication
network, to exchange, via the backhaul module, communica-
tion parameters with the neighboring access node, to receive,
via the transceiver module, a signal comprising a transmis-
sion from a first user equipment and an interfering transmis-
sion from a second user equipment, the signal being received
over a plurality of uplink resources, to receive, via the back-
haul module, resource information from the neighboring
access node, the resource information corresponding to the
plurality of uplink resources, and to apply the resource infor-
mation for interference resolution of the received signal.
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UPLINK INTERFERENCE RESOLUTION IN A
WIRELESS COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/798,572, filed on Mar. 15, 2013, and
entitled “Uplink Interference Resolution,” which is fully
incorporated by reference herein.

FIELD OF THE INVENTION

The present invention generally relates to the field of inter-
ference resolution in wireless communication systems, and
specifically to the resolution of uplink (UL) interference in
wireless communication systems.

BACKGROUND

Uplink (UL) interference can cause problems for a base
station that is attempting to receive and process a transmitted
uplink signal from a user equipment in a wireless communi-
cation system. Throughout this document the term “station”,
such as used in base station, macro station, macro base sta-
tion, femto base station, and femto station, is intended to
denote the communications equipment. The term “cell”, such
as used in femtocell or macrocell, is intended to denote the
coverage footprint of a corresponding station or the coverage
footprint of a sector of a multi-sector base station.

Broadband wireless cells may be UL interference limited.
There are many scenarios that can cause UL interference. The
most common scenario has historically been cell edge inter-
ference in a frequency “reuse one” network or when neigh-
boring cells share a frequency channel, causing co-channel
interference. This interference scenario is well known in the
art.

However, the Long Term Evolution (LTE) wireless com-
munication standard adds an additional very important sce-
nario. When a femto base station is present in the macrocell
coverage footprint of a macro base station in a frequency
“reuse one” network, this can create what is termed in LTE as
“the near-far problem.” If a user equipment (UE) is in the
femtocell coverage area of the femto base station, but is in
communication with the more distant macro base station, it
may be transmitting using a very high power thereby causing
excessive uplink interference at the femto base station. Other
uplink interference scenarios exist as would be known to one
skilled in the art.

Aside from brute force methods, such as using very robust
and inefficient modulation and coding schemes, current
methods to combat this problem include coordinated multi-
point (CoMP) which contains multiple methods. First, frac-
tional frequency reuse may be used, coordinating the UL
resources so that a UE communication with a macrocell and
a UE communication with a femto base station that has an
overlapping coverage footprint do not transmit on the same
subcarriers simultaneously. This technique has been previ-
ously used in WiMAX. Second, the two base stations may use
beamforming to coordinate the UL resources spatially. Both
of these methods require coordinated scheduling. Addition-
ally, using joint reception, both base stations may receive the
same data from an individual UE using the same subcarriers
at the same time. This method may additionally use beam-
forming. The joint reception, of course, uses double the
resources because the resources of both base stations are tied
up with the same reception.
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Fractional frequency reuse is inefficient due to the need for
one base station to not schedule UL resources while the other
is using them. Beamforming requires significant antenna
resources which may not be available on a femto base station.
Additionally, there may be times when coordinated schedul-
ing of beamforming cannot be achieved due to the bandwidth
and QoS/QoFE needs of interfering UEs, requiring a fallback
to fractional frequency reuse.

There exists a need for a spectrally efficient (e.g., efficient
modulation and coding, transmitting using all available time
and frequency resources) method to resolve UL interference
as an alternative to existing spectrally inefficient solutions
which merely mitigate UL interference.

SUMMARY

Systems, devices and methods for conducting interference
resolution in a communication system are provided.

In an aspect, an access node is provided in a wireless
communication network for conducting interference resolu-
tion of a received signal, the access node comprising a trans-
ceiver module, a backhaul module, and a memory. The access
node further comprises a processor coupled to the transceiver
module, the backhaul module and the memory and configured
to identify a neighboring access node in the wireless commu-
nication network, to exchange, via the backhaul module,
communication parameters with the neighboring access
node, to receive, via the transceiver module, a signal com-
prising a transmission from a first user equipment and an
interfering transmission from a second user equipment, the
signal being received over a plurality of uplink resources, to
receive, via the backhaul module, resource information from
the neighboring access node, the resource information corre-
sponding to the plurality of uplink resources, and to apply the
resource information for interference resolution of the
received signal.

In another aspect, an access node is provided in a wireless
communication network for providing interference resolu-
tion assistance to a neighboring access node. The access node
comprises a transceiver module configured to receive and
send data via the wireless communication network, a back-
haul module configured to receive and send data via a back-
haul communication link and a memory. The access node
further comprises a processor coupled to the transceiver mod-
ule, the backhaul module and the memory and configured to
exchange, via the backhaul module, communication param-
eters with the neighboring access node, to receive, via the
transceiver module, a signal comprising a transmission from
a first user equipment and an interfering transmission from a
second user equipment, to receive, via the backhaul module,
an assistance request from the neighboring access node, the
assistance request including an identification of a plurality of
uplink resources, and to send, via the backhaul module and in
response to the assistance request, resource information to the
neighboring access node, the resource information being
associated with the received signal in the identified plurality
of uplink resources.

In a further aspect, a method is provided for interference
resolution of a received signal in a wireless communication
network that includes an access node and a neighboring
access node. The method comprises the steps of identifying,
at the access node, a neighboring access node in the wireless
communication network, receiving at the access node, via the
wireless communication network, a first signal comprising a
transmission from a first user equipment and interference
associated with a transmission from a second user equipment,
the first signal being received over a plurality of uplink
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resources, and receiving at the neighboring access node, via
the wireless communication network, a second signal com-
prising the transmission from the second user equipment and
interference associated with the transmission from the first
user equipment. The method further includes the steps of
sending from the neighboring access node, via the backhaul
communication link, resource information to the access node,
the resource information being associated with the received
second signal over the plurality of uplink resources, receiving
at the access node, via the backhaul communication link, the
resource information from the neighboring access node, and
conducting, at the access node, interference resolution of the
received first signal using the resource information received
from the neighboring access node.

Other features and advantages of the present invention
should be apparent from the following description which
illustrates, by way of example, aspects of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The details of the present invention, both as to its structure
and operation, may be gleaned in part by study of the accom-
panying drawings, in which like reference numerals refer to
like parts, and in which:

FIG. 1A is ablock diagram of a communication network in
which systems and methods disclosed herein may be imple-
mented in accordance with aspects of the invention;

FIG. 1B is a block diagram showing uplink interference
scenarios in a communication network in which systems and
methods disclosed herein may be implemented in accordance
with aspects of the invention;

FIG.2A is a block diagram of an base station in accordance
with aspects of the invention;

FIG. 2B is a block diagram of a terminal node in accor-
dance with aspects of the invention;

FIG. 3 is a block diagram of a communication system
depicting neighboring base stations that communicate with
each other to exchange information in accordance with
aspects of the invention;

FIG. 4 is a flowchart illustrating an exemplary method for
initialization of a base station to perform on-demand uncoor-
dinated interference resolution according to an aspect of the
invention;

FIG. 5 is a flowchart illustrating an exemplary method for
performing on-demand uncoordinated interference resolu-
tion according to an aspect of the invention;

FIG. 6 is a flowchart illustrating an exemplary method for
performing on-demand uncoordinated interference resolu-
tion assistance according to an aspect of the invention;

FIG. 7A is a block diagram depicting an uplink transmis-
sion in subcarriers of a slot according to an aspect of the
invention;

FIG. 7B is a block diagram depicting an uplink transmis-
sion in subcarriers of a slot from one user equipment to one
LTE eNodeB and an interfering LTE uplink transmission
from a second user equipment to a second LTE eNodeB
according to an aspect of the invention;

FIG. 7C is a block diagram depicting an LTE uplink trans-
mission in subcarriers of a slot from one user equipment to
one LTE access node (eNodeB) and an interfering LTE uplink
transmission from a second user equipment to a second LTE
eNodeB according to an aspect of the invention;

FIG. 8 is a block diagram depicting a receiver according to
an aspect of the invention; and
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4

FIG. 9 is a functional block diagram depicting a receiver
according to an aspect of the invention.

DETAILED DESCRIPTION

Systems, devices and methods for conducting interference
resolution in a communication system are provided.

The systems and methods disclosed herein can be applied
to various types of wireless communication systems, as well
as wired communication systems. For example, the systems
and methods disclosed herein can be used with Cellular 2G,
3G, 4G (including Long Term Evolution (LTE), LTE
Advanced, and WiMAX), 5G, cellular backhaul, Wi-Fi, Ultra
Mobile Broadband (UMB), and other point-to-point or point-
to-multipoint wireless technologies. The systems and meth-
ods disclosed herein may also be implemented in wired com-
munication systems including, but not limited to, hybrid
fiber-coax cable modem systems. For concise exposition, the
descriptions provided herein use terminology and aspects of
particular communication technologies and standards; how-
ever, the devices, systems and methods described herein are
broadly applicable to other communication technologies and
standards as well.

FIG. 1A is a block diagram of a communication network in
which systems and methods disclosed herein may be imple-
mented in accordance with aspects of the invention. A macro
base station 110 is connected to a core network 102 through a
backhaul connection 170. In an embodiment, the backhaul
connection 170 is a bidirectional link or two unidirectional
links. The direction from the core network 102 to the macro
base station 110 is referred to as the downstream or downlink
(DL) direction. The direction from the macro base station 110
to the core network 102 is referred to as the upstream or uplink
(UL) direction. Subscriber stations 150(1) and 150(4) can
connect to the core network 102 through the macro base
station 110. Wireless links 190 between subscriber stations
150 and the macro base station 110 are bidirectional point-
to-multipoint links, in an embodiment. The direction of the
wireless links 190 from the macro base station 110 to the
subscriber stations 150 is referred to as the downlink or down-
stream direction. The direction of the wireless links 190 from
the subscriber stations 150 to the macro base station 110 is
referred to as the uplink or upstream direction. Subscriber
stations are sometimes referred to as user equipment (UE),
users, user devices, handsets, terminal nodes, or user termi-
nals and are often mobile devices such as smart phones or
tablets. The subscriber stations 150 access content over the
wireless links 190 using base stations, such as the macro base
station 110, as a bridge.

In the network configuration illustrated in FIG. 1A, an
office building 120(1) causes a coverage shadow 104. A pico
station 130 can provide coverage to subscriber stations 150(2)
and 150(5) in the coverage shadow 104. The pico station 130
is connected to the core network 102 via a backhaul connec-
tion 170. The subscriber stations 150(2) and 150(5) may be
connected to the pico station 130 via links that are similar to
or the same as the wireless links 190 between subscriber
stations 150(1) and 150(4) and the macro base station 110.

In office building 120(2), an enterprise femto base station
140 provides in-building coverage to subscriber stations 150
(3) and 150(6). The enterprise femto base station 140 can
connect to the core network 102 via an internet service pro-
vider network 101 by utilizing a broadband connection 160
provided by an enterprise gateway 103.

The wireless communication system described with
respect to FIG. 1A can experience many UL interference
scenarios.
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An additional frequency “reuse one” scenario is depicted
in FIG. 1B. As seen in FIG. 1B, macrocell 105 represents the
coverage area of macro station 111, which may be for
instance macro base station 110 of FIG. 1A, and a femtocell
115 representing the coverage area of femto station 141,
which may be an instance of enterprise femto base station 140
of FIG. 1A, or aresidential femto base station. UE 151, which
may be an instance of subscriber station 150 of FIG. 1A, is
part of a closed subscriber group (CSG) defined by access
privilege to femto station 141. UE 152, which may be an
instance of subscriber station 150 of FIG. 1A, is not part of the
CSG of femto station 141 even though it is geographically
within the footprint of femtocell 115. This creates what is
termed as “the near-far” problem. Macro station 111 may
receive a wanted signal 191 from UE 152 with weaker signal
strength than it receives an unwanted signal 192 from UE 151.
Similarly, femto station 141 receives both a wanted signal 193
from UE 151 and an unwanted signal 194 from UE 152.
Because UE 152 is attempting to communicate with the more
distant macro station 111, unwanted signal 194 may be stron-
ger than wanted signal 193.

This can be further complicated when there is, for example,
another femto station that is within the footprint of macrocell
105 and that shares a cell edge with femtocell 115, thereby
allowing an additional interfering source.

FIG. 2A is a functional block diagram of a base station 275
in accordance with aspects of the invention. In various
embodiments, the base station 275 may be a mobile WiMAX
base station, a Universal Mobile Telecommunications Sys-
tem (UMTS) NodeB, an LTE evolved Node B (eNB or eNo-
deB), or other wireless base station or access point of various
form factors. For example, the macro base station 110, the
pico station 130, the enterprise femto base station 140 of F1G.
1A, or the macro station 111 or femto station 141 of FIG. 1B
may be provided, for example, by the base station 275 of FI1G.
2. The base station 275 includes a processor module 281. The
processor module 281 is coupled to a transmitter-receiver
(transceiver) module 279, a backhaul interface module 285,
and a storage module 283.

The transmitter-receiver module 279 is configured to trans-
mit and receive communications wirelessly with other
devices. The base station 275 generally includes one or more
antennae for transmission and reception of radio signals. The
communications of the transmitter-receiver module 279 may
be with terminal nodes.

The backhaul interface module 285 provides communica-
tion between the base station 275 and a core network. This
may include communications directly or indirectly (through
intermediate devices) with other base stations, for example to
implement the LTE X2 interface. The communication may be
over a backhaul connection such as, for example, the back-
haul connection 170 of FIG. 1A. Communications received
via the transmitter-receiver module 279 may be transmitted,
after processing, on the backhaul connection. Similarly, com-
munication received from the backhaul connection may be
transmitted by the transmitter-receiver module 279. Although
the base station 275 of FIG. 2 is shown with a single backhaul
interface module 285, other embodiments of the base station
275 may include multiple backhaul interface modules. Simi-
larly, the base station 275 may include multiple transmitter-
receiver modules. The multiple backhaul interface modules
and transmitter-receiver modules may operate according to
different protocols. Communications originating within the
base station 275, such as communications with other base
stations, may be transmitted on one or more backhaul con-
nections by backhaul interface module 285. Similarly, com-
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munications destined for base station 275 may be received
from one or more backhaul connections via backhaul inter-
face module 285.

The processor module 281 can process communications
being received and transmitted by the base station 275. The
storage module 283 stores data for use by the processor mod-
ule 281. The storage module 283 may also be used to store
computer readable instructions for execution by the processor
module 281. The computer readable instructions can be used
by the base station 275 for accomplishing the various func-
tions of the base station 275. In an aspect, storage module
283, or parts of the storage module 283, may be considered a
non-transitory machine readable medium. For concise expla-
nation, the base station 275 or aspects of it are described as
having certain functionality. It will be appreciated that in
some embodiments, this functionality is accomplished by the
processor module 281 in conjunction with the storage module
283, transmitter-receiver module 279, and backhaul interface
module 285. Furthermore, in addition to executing instruc-
tions, the processor module 281 may include specific purpose
hardware to accomplish some functions.

FIG. 2B is a functional block diagram of a terminal node
255 in accordance with aspects of the invention. In various
embodiments, the terminal node 255 may be a mobile
WiMAX subscriber station, a UMTS cellular phone, an LTE
user equipment, or other wireless terminal node of various
form factors. The subscriber stations 150 of FIG. 1A or the
UEs 151 and 152 of FIG. 1B may be provided, for example,
by the terminal node 255 of FIG. 2B. The terminal node 255
includes a processor module 261. The processor module 261
is coupled to a transmitter-receiver module (transceiver) 259,
a user interface module 265, and a storage module 263.

The transmitter-receiver module 259 is configured to trans-
mit and receive communications with other devices. For
example, the transmitter-receiver module 259 may commu-
nicate with base station 275 of FIG. 2A via its transmitter-
receiver module 279. The terminal node 255 generally
includes one or more antennae (not shown) for transmission
and reception of radio signals. Although terminal node 255 of
FIG. 2B is shown with a single transmitter-receiver module
259, other embodiments of terminal node 255 may include
multiple transmitter-receiver modules. The multiple trans-
mitter-receiver modules may operate according to different
protocols.

Terminal node 255, in many aspects, provides data to and
receives data from a person (user). Accordingly, terminal
node 255 includes user interface module 265. User interface
module 265 includes modules for communicating with a per-
son. User interface module 265, in an aspect, includes a
speaker and a microphone for voice communications with the
user, a screen for providing visual information to the user, and
a keypad for accepting alphanumeric commands and data
from the user. In some aspects, a touch screen may be used in
place of or in combination with the keypad to allow graphical
inputs in addition to alphanumeric inputs. In an alternative
aspect, user interface module 265 includes a computer inter-
face, for example, a universal serial bus (USB) interface, to
interface terminal node 255 to a computer. For example,
terminal node 255 may be in the form of a dongle that can be
connected to a notebook computer via user interface module
265. The combination of computer and dongle may also be
considered a terminal node. User interface module 265 may
have other configurations and include functions such as vibra-
tors, cameras, and lights.

Processor module 261 can process communications being
received and transmitted by terminal node 255. Processor
module 261 can also process inputs from and outputs to user
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interface module 265. Storage module 263 stores data for use
by processor module 261. Storage module 263 may also be
used to store computer readable instructions for execution by
processor module 261. The computer readable instructions
may be used by terminal node 255 for accomplishing the
various functions of terminal node 255. In an embodiment,
storage module 263, or parts of storage module 263, may be
considered a non-transitory machine readable medium. For
concise explanation, terminal node 255 or aspects of it are
described as having certain functionality. It should be appre-
ciated that in some aspects, this functionality is accomplished
by processor module 261 in conjunction with storage module
263, transmitter-receiver module 259, and user interface
module 265. Furthermore, in addition to executing instruc-
tions, processor module 261 may include specific purpose
hardware to accomplish some functions.

Information is passed from an assisting base station to a
requesting base station that is requesting additional help in
resolving UL interference and decoding a received signal.
This turns the UL signal resolution problem into a “n source,
n sensor” problem (or “n equations and n unknowns”) allow-
ing use of techniques such as joint decoding, which is also
used in UL multiple-input multiple-output (MIMO), to sepa-
rate out the UL signals and allow decoding of the data. Unlike
UL MIMO, however, the UL transmissions are not coordi-
nated other than the fact that the base stations benefit from
being time synchronized to the level of tolerance of the
orthogonal frequency-division multiplexing (OFDM) sym-
bol preamble, which is already necessary for evolved multi-
media broadcast multicast service (eMBMS) and CoMP, in
LTE systems and is beneficial for handover in most wireless
systems. Additionally, unlike UL MIMO, the multiple UL
signals are received by different base stations rather than by
different antenna provided on a single base station. As such,
UL Tx power, modulation, and coding are not coordinated
and neither is the choice of the interfering UE.

FIG. 3 is a block diagram of an exemplary communication
system 300 in accordance with aspects of the invention. Com-
munication system 300 depicts neighboring base stations that
communicate with each other to exchange information on an
on-demand basis to aid in the resolution of interference and
the decoding of received signals, thereby allowing more effi-
cient communication parameters to be used.

In a given timeslot/subcarrier allocation, such as a physical
resource block (PRB) in LTE or a tile in WiMAX, base station
375a may receive a combination of wanted signal 335a from
UE 350q and unwanted signal 3455 from UE 35054. Similarly,
base station 3755 may receive a combination of wanted signal
335b from UE 3506 and unwanted signal 345a from UE
350aq. This may cause one or the other or both of base stations
375a and 3755 to be unable to decode their respective wanted
signal.

Unlike UL multi-user (MU) MIMO, neither base station by
itself has received both versions of the combined signals. That
is to say that neither base station by itself has received the
signal representing the combination of wanted signal 3354
and unwanted signal 3456 and has also received the signal
representing the combination of wanted signal 3356 and
unwanted signal 345a. However, if a base station, for example
base station 375a, fails to correctly decode the wanted signal
335aq in a particular PRB or tile, there may be enough infor-
mation in the overall system 300 to correct the decoding. Base
station 375q and its neighbors, for example base station 3755,
both have a received signal, even if they are not able to decode
that signal.

Both may know information about the PRB in question for
their wanted signal. Such information may include, for
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example, in an OFDM or single-carrier frequency-division
multiple access (SC-FDMA) system the output of the fast
Fourier transform (FFT), the output of the resource demap-
per, a channel estimate, expected reference signals or pre-
ambles, etc.

A base station may or may not know its neighbors, wherein
a neighbor is defined as any other base station with sufficient
cell coverage overlap to have the potential to cause the base
station to fail to decode its UL received signal. When base
station 375a incorrectly decodes a PRB or tile, if it has suffi-
cient processing resources and knows it is in communication
with its neighbors, it may ask its neighbors for the baseband
signals that they received for the same PRB or tile, or some
properly preprocessed form. The request may be over a com-
munication path 325 established for base station to base sta-
tion communication, for example the X2 interface in an LTE
system. Base station 3754 may also ask the neighbor for
additional parameters of the neighbors wanted signal, such as
modulation, coding, and reference signal parameters. Base
station 3754 may then use one of the techniques described
below to improve the decoding of its own wanted signal.

If base station 375a does not know its neighbors, cannot
communicate directly with its neighbors, or lacks sufficient
processing, it may request a central entity 305, such as a
network management system (NMS) or gateway in core net-
work 102 of FIG. 1A, to request the necessary data and even
to perform the requisite processing. Central entity 305 com-
municates with base station 3754 over communication path
315a such as, for example, a backhaul connection like back-
haul connection 170 of FIG. 1A, and also communicates with
base station 3756 over communication path 3154, for
example a second backhaul connection. One skilled in the art
would understand that the communication between a base
station and a central entity 305 may take many forms.

In both scenarios, unlike MIMO, the additional signal
information is only made available on an “as requested” basis
when initial decoding attempts of the wanted signal by the
base station fail.

This method trades some occasional processing delay for a
reduced need to use spectrally inefficient methods to mitigate
UL interference.

FIG. 4 shows flowchart 400 which depicts a method for
initialization of a base station, such as any one of the base
stations (macro, femto, or pico) depicted in FIG. 1A, 1B, 2A,
or 3, in preparation for performing on-demand uncoordinated
interference resolution according to exemplary aspects of the
invention.

The method starts at step 410 after the base station has
powered up. At step 420, the base station identifies its neigh-
boring base stations. This may be accomplished in a number
of ways. Some protocols allow a base station to monitor the
downlink to detect neighbors. Some protocols allow a base
station to use information from user equipment with which it
is communicating to detect and report neighbors. Some sys-
tems may provide neighbor information through communi-
cation with a central entity, such as central entity 305 in FIG.
3, which is cognizant of the current network topology.

At step 430, the base station exchanges static information
with its neighbors that is useful for interference resolution.
Such information may include, for instance, hopping
sequences or information regarding reference signals. Such
information could alternatively be requested, on-demand, as
part of the information exchanged at the time of interference
resolution. Such exchange could also be performed periodi-
cally or as needed as the parameters change. Such informa-
tion could alternatively be provided by a central entity.
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After step 430, the base station operates according to one or
both of two methods which may be simultaneous. The base
station may proceed to step 440 where it performs on-demand
UL interference resolution of its own received signal (as
described further below in the flowchart 500 of FIG. 5).
Alternatively or simultaneously, the base station may proceed
to step 450 where it performs on-demand UL interference
resolution assistance to aid one or more neighboring base
stations in resolving interference of their received signals (as
described further below in the flowchart 600 of FIG. 6). These
processes are now described below with respect to FIG. 5 and
FIG. 6.

FIG. 5 shows a flowchart 500 depicting a method for per-
forming on-demand uncoordinated interference resolution
according to exemplary aspects of the invention.

The method starts at step 510, such as after the base station
initialization process (step 440) of FIG. 4. At step 520, the
base station receives an uplink transmission from a user
device and attempts to decode the signal. At step 530, it is
determined if the decode was successful. If the decode was
successful, there is no need to request additional information
from a neighboring base station and the process returns to step
520. If, at step 530, it was determined that the signal was not
correctly decoded, the process proceeds to step 540. Deter-
mining whether decoding was performed error free may use
techniques well known in the art, such as error vector mag-
nitude (EVM), bit error rate (BER) calculation, successful
decoding of forward error correction (FEC) coding, and suc-
cessful checking of checksums or cyclic redundancy checks
(CRO).

At step 540, the base station requests additional data and
information from one or more neighboring base stations, such
as the neighbor’s output of a resource demapper for the
resources in question and the neighbor’s expected reference
signals. In an aspect, this information may be requested and
received through a central entity. Then at step 550, the base
station uses its received signal and known information in
combination with the data and information received from one
or more neighboring base station to attempt to resolve inter-
ference and decode the received UL signal. Whether the
decoding attempt is successful or not, the process returns to
step 520.

One skilled in the art would understand that the informa-
tion from both the base station attempting interference reso-
Iution and the base station assisting with the other base sta-
tion’s interference resolution may be passed to a central entity
which may perform the decoding calculations.

FIG. 6 shows flowchart 600 depicting a method for per-
forming on-demand uncoordinated interference resolution
assistance according to exemplary aspects of the invention.

The method starts at step 610, such as after the base station
initialization process (step 450) of FIG. 4. At step 620, the
base station receives an uplink transmission from a user
device. One of ordinary skill in the art would understand that
if the base station performing on-demand uncoordinated
interference resolution assistance (the “assisting base sta-
tion”) as described in flowchart 600 is also performing on-
demand uncoordinated interference resolution as described in
flowchart 500, step 620 of flowchart 600 may be a part of step
520 of flowchart 500. However, to be of additional assistance,
at step 620, the assisting base station may activate its receiver
to receive an uplink signal on certain uplink resources even if
the assisting base station does not expect a transmission from
auser device on those uplink resources, which would not need
to be the case for step 520 of flowchart 500.

After reception of an uplink signal in step 620 the process
moves to step 630 where the data is stored by the assisting
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base station in case a neighboring base station requests it, for
instance in storage module 283 of FIG. 2A. At step 640, if a
neighboring base station requests to obtain the received UL
data and information from the assisting base station before a
timeout period has expired, the process moves to step 650
where the data is transferred from assisting base station to the
requesting neighbor base station. It should be understood that
the request could be from a central entity on behalf of the
neighboring base station, such as central entity 305 of F1G. 3,
rather than directly from the neighboring base station. If at
step 640, a timeout expires prior to the data being requested
(or after transfer of the data to a neighbor or central entity at
step 650), the process moves to step 660 in which the base
station may delete the expired or already transferred data to
free storage for the saving of more UL data received by the
assisting base station.

The LTE uplink uses SC-FDMA, which is OFDM with an
additional FFT precoder, and is divided in time into 0.5 mil-
lisecond (ms) slots. Each slotis comprised in time of 7 OFDM
symbols using the normal cyclic prefix and 6 OFDM symbols
using the extended cyclic prefix. In frequency, a slot is com-
prised of some number of 15 kilohertz (kHz) subcarriers. For
instance a 5 megahertz (MHz) wide channel is comprised of
300 subcarriers taking 4.5 MHz of the channel bandwidth and
a 10 MHz channel is comprised of 600 subcarriers taking 9
MHz of the channel bandwidth, leaving a guard band between
channels. Physical resource blocks are defined as 12 contigu-
ous subcarriers across all 6 or 7 OFDM symbols of a slot. A
PRB is the smallest unit of uplink bandwidth allocation given
to a UE.

Throughout this document it is assumed that LTE is used
with a normal cyclic prefix (i.e., 7 OFDM symbols per 0.5 ms
slot) as an example, but one skilled in the art would under-
stand how to apply the invention to the extended cyclic prefix
case and to non-LTE OFDM or SC-FDMA based technology.

FIG. 7A is a block diagram depicting an uplink transmis-
sion in subcarriers of a slot according to an aspect of the
invention. The physical uplink shared channel (PUSCH)
transmission 710 in a slot 700 by a first user equipment (UE)
to a first base station (eNodeB) is depicted in FIG. 7A. The
PUSCH transmission 710 spans N PRBs (12xN subcarriers)
in frequency and the entire slot duration in time. In LTE, the
N resource blocks are allocated to be contiguous in frequency.
The PUSCH transmission 710 is comprised of a data element
720, which may have its allocated subcarriers separated by a
reference signal 730.

FIG. 7B shows the same PUSCH transmission 710 by a
first UE inslot 700 to a first eNodeB as was shown in FIG. 7A.
FIG. 7B also shows a co-channel PUSCH transmission 750 in
slot 740, which is coincidental in time with slot 700, to a
second eNodeB. PUSCH transmission 750 has the same
structure of data element 760, reference signal 770, and the
same number of resource blocks, N, on the same subcarriers
as PUSCH transmission 710, causing interference. However,
the reference signal 770 may have been derived from a dif-
ferent Zadoff-Chu sequence or from some other reference
signal (e.g., a quadrature phase-shift keying (QPSK) refer-
ence sequence such as described in the LTE standard) and the
data element likely may contain different data. Also, the
transmissions may use different modulation and coding.

FIG. 7C shows the same PUSCH transmission 710 by a
first UE inslot 700 to a first eNodeB as was shown in FIG. 7A.
FIG. 7C also shows a co-channel PUSCH transmission 755 in
slot 745, which is coincidental in time with slot 700, to a
second eNodeB. PUSCH transmission 755 has a similar
structure of data element 765, and reference signal 775, how-
ever, the number of resource blocks, M (12xM subcarriers), is
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fewer than in PUSCH transmission 710, but still overlaps
with PUSCH transmission 710, causing interference. The
reference signal 775 may have been derived from a different
Zadoft-Chu sequence or from some other reference signal
(e.g., a QPSK reference sequence such as described in the
LTE standard) and the data element likely may contain dif-
ferent data. Also, the transmissions may use different modu-
lation and coding.

One skilled in the art would understand that other PUSCH
transmission scenarios exist in which a second UE, or mul-
tiple other UEs, transmits co-channel to a first UE, in the same
slot and with overlapping resource block allocations.

FIG. 8 is ablock diagram depicting an SC-FDMA receiver
800 according to exemplary aspects of the invention. As seen
in FIG. 8, received signal 805 is processed through a chain of
modules to obtain a desired decoded uplink transmission
(PUSCH). The modules and the processing performed by the
modules may be referred to as stages. The chain of modules in
FIG. 8. include low-noise amplifier (LNA) 810, mixer mod-
ule 815, A/D conversion module 820, cyclic prefix remover
module 825, FFT module 830, resource demapper module
835, frequency domain (FD) equalizer module 840, inverse
fast Fourier transform (IFFT)/inverse discrete Fourier trans-
form (IDFT) decoder module 845, codeword mapper module
850, demodulator module 855, descrambler module 860, and
decoder module 865. In the exemplary aspect shown in FIG.
8, FFT module 830 takes the digital baseband signal and
converts it to the frequency domain with FFT outputs 885 for
each [subcarrier, OFDM symbol] pair. From the FFT outputs
885, the resource demapper module 835 extracts the refer-
ence signal 880, for instance reference signal 730 of FIG. 7A,
and data elements 890, for instance data element 720 of FIG.
7A, from each user equipment’s uplink transmission, for
instance PUSCH transmission 710 of FIG. 7A. According to
aspects of the invention, to aid in the extraction, the informa-
tion in the subcarriers corresponding to an individual UL
transmission’s reference signal OFDM symbol is correlated
with the expected reference signal to acquire the channel
transfer function for the UL transmission.

The receiver portion of transmitter-receiver (transceiver)
module 279 of base station 275 shown in FIG. 2A, may be
implemented as receiver 800, according to an exemplary
aspect of the invention.

FIG. 9 is a block diagram depicting functional aspects of a
receiver in a base station (eNB_A) according to exemplary
aspects of the invention. In the exemplary aspect depicted in
FIG. 9, receiver 900 uses information and data obtained from
a neighboring base station (eNB_B) in order to resolve inter-
ference and thereby extract a desired uplink transmission
received by receiver 900. In FIG. 9, information and data 901
obtained from the neighboring base station eNB_B may
include eNB_B PUSCH/physical uplink control channel
(PUCCH)/reference signal (RS) 902 and eNB_B RS 903 that
are associated with a relevant uplink transmission that was
received by eNB_B. For example, eNB_B PUSCH/PUCCH/
RS 902 may be the actual data (PUSCH), control information
(PUCCH) and RS as received by eNB_B, which may have
been extracted from a point in the receiver chain of eNB_B,
such as after the FFT processing of the received uplink trans-
mission. eNB_B RS 903 is the expected RS from eNB_B,
which is the RS that eNB_B expects to receive in the uplink
transmission. The expected RS and the actual RS are used on
RS correlate modules 910 and 924 to determine channel
transfer function components as described in more detail
below.

In the example depicted in FIG. 9, receiver 900 is provided
in eNB_A and has received a combination of uplink signals
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comprised of a wanted uplink transmission from a first UE
and an unwanted interfering uplink transmission from
another UE, as explained above with respect to FIG. 3.
Receiver 900 begins processing of eNB_A’s received uplink
signal combination by mixing it to baseband and performing
A/D conversion (not shown) and then removing the cyclic
prefix in module 920. In block 921, FFT is performed and
then the eNB_A’s “actual” received PUSCH/PUCCH/RS
907 is extracted in module 922. The eNB_A “actual” received
PUSCH/PUCCH/RS 907 is then provided to modules 923,
930 and 940. Module 923 extracts the actual eNB_A refer-
ence signal (RS) from the eNB_A “actual” received PUSCH/
PUCCH/RS 907. The extracted eNB_A RS is passed to RS
correlate module 924 to assist with correlation of the expected
RS signal. In RS correlate modules 910 and 924, RS correla-
tion between the expected RS and the actual RS from eNB_A
and eNB_B is performed. RS correlation modules 924 and
910 each have the expected RS from both eNB_A and
eNB_B. Inthis regard, RS correlate module 910 correlates the
“expected” eNB_A RS with the “actual” received eNB_B RS
and correlates the “expected” eNB_B RS with the “actual”
received eNB_B RS, to determine h",; (911) and h",, (912)
(the channel transfer function components for the unwanted
and wanted signals received by eNB_B, respectively). Simi-
larly, RS correlate module 924 correlates the “expected”
eNB_A RS with the “actual” received eNB_A RS and corre-
lates the “expected” eNB_B RS with the “actual” received
eNB_ARS, to determineh”, | (913) and h" |, (914) (the chan-
nel transfer function components for the wanted and
unwanted signals received by eNB_A, respectively).

The channel transfer function components h™;;, h™;,, h",,
and h",, are provided to module 925 which uses the compo-
nents to derive a source separator/equalizer through standard
techniques including Zero Forcing (ZF). The derived source
separator/equalizer output from module 925 is depicted as
H ! 926. Returning to module 930, DFT precoded symbols
are extracted from the eNB_A PUSCH/PUCCH/RS 907 and
the result is passed to module 931. In module 931, the derived
H-~! 926 from module 925 is used to separate the source
signals from the combined received signal at eNB_A and to
perform equalization, by utilizing the actual received eNB_B
data portion (PUSCH) from eNB_B PUSCH/PUCCH/RS
902. In this regard, the actual received eNB_B data portion
(PUSCH) is provided to module 931 to assist with the source
separation processing (this connection is not shown in FIG. 9
for the sake of clarity of the figure). At this point, the receiver
900 now has extracted the desired uplink PUSCH transmis-
sion and then passes it for normal receiver processing in IDFT
module 932 and demodulation module 933, the result of
which s sent to a descrambler and decoder (not shown). It can
be appreciated that modules 930-933 of receiver 900 are for
extracting and processing the data PUSCH of the wanted
uplink transmission. Modules 940 and 941 may be used to
extract and decode the control information (PUCCH) from
eNB_A PUSCH/PUCCH/RS 907.

An exemplary aspect of interference resolution is now
described with reference to FIG. 3 using the below equation:

M

in which y,  is the 1x1 channel output (e.g., data elements
890), x, Jd is the 1x1 frequency domain resource element
value from wanted signal 335q from the desired first UE
350a. 1, Jd is the 1x1 channel transfer function between the
desired first UE 350a and the first base station 375a receiver.
x, is the frequency domain resource element value from
interfering second UE 3505. h, /* is the 1x1 channel transfer
function between the interfering second UE 3505, and the

— d.,. d oy U
Yighe xRy
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first base station 375a receiver, and n, ; is the 1x1 noise value.
The result of trying to solve for x, Jd may be impaired by
interference of the unwanted signal 345a from interfering
second UE 3505 and noise.

Ifinterference and noise are within bounds, error tolerance
and correction in demodulation and decoding can properly
reconstruct the original input data from the impaired x, Jd. If
the original data cannot be reconstructed, additional informa-
tion within system 300 is needed.

The received signal at a neighboring second base station
375b can be written as the equation:

y ,i,j:hijd"xijd"'hi,/'w'xi,/'u+n r (2)
inwhichy", ;is the 1x1 channel output symbols value, h, Jd';
is the 1x1 channel transfer function value between the desired
first UE 350a and the neighboring second base station 3755
receiver, h, “'is the 1x1 channel transfer function between the
interfering second UE 3504 and the neighboring second base
station 375 receiver, and n';; is the 1x1 noise value.

Availability to the first base station 375a of the signal
received by an assisting neighboring second base station 3756
has the potential of significantly increasing the decoding per-
formance at first base station 375a. To facilitate this, first base
station 375a (the “requesting base station”) is operated as
described in flowchart 500 of FIG. 5 and neighboring second
base station 3755 (the “assisting base station™) is operated as
described in flowchart 600 of FIG. 6. Note that they may also
simultaneously operate such that the first base station 375a is
also assisting the second base station 3755 on an on-demand
basis.

For each UL transmission (i.e. subcarriers across OFDM
symbols) received in a slot, second base station 3755 stores its
frequency domain data elements, y', ; (e.g. data elements 890)
and both the received and expected reference signal. If a
request is received from first base station 375a before a tim-
eout, second base station 3755 sends the frequency domain
data elements y', ; and the received and expected reference
signal for the UL transmissions it has received that overlap the
UL transmission subcarriers requested by the first base sta-
tion 375a.

For each UL transmission received in a slot that first base
station 375a attempts to decode but cannot, first base station
375a requests the frequency domain data elements y', ; and
received and expected references signals for UL transmis-
sions received by neighboring second base station 3755 that
overlap the un-decodable UL transmission.

In an alternate aspect, frequency domain data elements y'; ;
and received and expected references signals for UL trans-
missions are transferred as one data element. In an alternate
aspect, neighboring second base station 3755 sends first base
station 3754 the output of the second base station 3756’s FFT
(some or all subcarriers) for all OFDM symbols and lets first
base station 375a extract the frequency domain data elements
y';; from the demapper. In an alternate aspect, neighboring
second base station 3755 sends first base station 375a infor-
mation sufficient to create the expected reference signals
rather than the actual expected reference signals. The on-
demand aspect of this method minimizes the amount of addi-
tional data transferred.

With frequency domain data elements, y', ; and expected
reference signal from neighboring second base station 3755,
the ambiguity of the interference element, h, /' x, * of equa-
tion 1 can be eliminated.
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Firstbase station 3754 now desires to resolve the following
equation (3):

yii | K B\ (7] s
c T e e e |, [Ty Hiatn
Yij AT R i

As described above, first base station 375a knowsy, , y'; ,
andh, Jd from a combination of the functionality of its receiver
and from the request to neighboring base station 3754.

With the expected and received reference signals from
neighboring second base station 3755, first base station 375a
has enough information to estimate the matrix H in Equation
3.

First base station calculates:

1) hy, by correlating the reference signal extracted (e.g.,
880) by its receiver with the reference signal it expected
to be used by UE 350a;

2) h,, by correlating the reference signal extracted by its
receiver with the reference signal neighboring second
base station 3756 expected to be used by UE 35056,

3) h,, by correlating the reference signal extracted by
neighboring second base station 3755 with the reference
signal it expected to be used by UE 350q; and

4) h,, by correlating the reference signal extracted by
neighboring second base station 3755 with the reference
signal neighboring second base station 3755 expected to
be used by UE 3504. .

First base station 375a has matrix Y, and H, and uses it as an

estimate of matrix H in equation (3), as shown in Equation 4.

[yi,j} [hu hlz} X:jj [”LJ} A
, P VR e
Yij hat o X j i

Y=HX+N. Then $=f ' v=

®

@)

lie

H o x+n

®

Ifinterference and noise are within bounds, error tolerance
and correction in demodulation and decoding can properly
reconstruct the original input data from the impaired version
of'x, Jd in X.

In a second exemplary aspect, neighboring second base
station 37556 measures channel transfer functions h, Jd' and
h, /, and furnishes them to first base station 375a on request
along with y'; ; and the expected reference signal transmitted
by second UE 3505. First base station 375a then has two
equations relating x, “ and x, Jd and thus it can obtain detected
values for X, *and %, Jdusing Equations 3 and 5, above. In this
manner, first base station 3754 may resolve the desired uplink
transmission.

The foregoing systems and methods and associated devices
and modules are susceptible to many variations. Additionally,
for clarity and concision, many descriptions of the systems
and methods have been simplified. For example, the figures
generally illustrate one of each type of device (e.g., one access
node, one terminal node), but a communication system may
have many of each type of device. Similarly, descriptions may
use terminology and structures of a specific wireless standard
such as LTE. However, the disclosed systems and methods are
more broadly applicable, including for example, in hybrid
fiber-coax cable modem systems.

Those of skill will appreciate that the various illustrative
logical blocks, modules, units, and algorithm steps described
in connection with the embodiments disclosed herein can
often be implemented as electronic hardware, computer soft-
ware, or combinations of both. To clearly illustrate this inter-
changeability of hardware and software, various illustrative
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components, blocks, modules, and steps have been described
above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software
depends upon the particular constraints imposed on the over-
all system. Skilled persons can implement the described func-
tionality in varying ways for each particular system, but such
implementation decisions should not be interpreted as caus-
ing a departure from the scope of the invention. In addition,
the grouping of functions within a unit, module, block, or step
is for ease of description. Specific functions or steps can be
moved from one unit, module, or block without departing
from the invention.

The various illustrative logical blocks, units, steps and
modules described in connection with the embodiments dis-
closed herein can be implemented or performed with a pro-
cessor, such as a general purpose processor, a digital signal
processor (DSP), an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof
designed to perform the functions described herein. A gen-
eral-purpose processor can be a microprocessor, but in the
alternative, the processor can be any processor, controller,
microcontroller, or state machine. A processor can also be
implemented as a combination of computing devices, for
example, a combination of a DSP and a microprocessor, a
plurality of microprocessors, one or more microprocessors in
conjunction with a DSP core, or any other such configuration.

The steps of a method or algorithm and the processes of a
block or module described in connection with the embodi-
ments disclosed herein can be embodied directly in hardware,
in a software module executed by a processor, or in a combi-
nation of the two. A software module can reside in RAM
memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a
CD-ROM,; or any other form of storage medium. An exem-
plary storage medium can be coupled to the processor such
that the processor can read information from, and write infor-
mation to, the storage medium. In the alternative, the storage
medium can be integral to the processor. The processor and
the storage medium can reside in an ASIC. Additionally,
device, blocks, or modules that are described as coupled may
be coupled via intermediary device, blocks, or modules.
Similarly, a first device may be described as transmitting data
to (or receiving from) a second device when there are inter-
mediary devices that couple the first and second device and
also when the first device is unaware of the ultimate destina-
tion of the data.

The above description of the disclosed embodiments is
provided to enable any person skilled in the art to make or use
the invention. Various modifications to these embodiments
will be readily apparent to those skilled in the art, and the
generic principles described herein can be applied to other
embodiments without departing from the spirit or scope of the
invention. Thus, it is to be understood that the description and
drawings presented herein represent a presently preferred
embodiment of the invention and are therefore representative
of the subject matter that is broadly contemplated by the
present invention. [tis further understood that the scope of the
present invention fully encompasses other embodiments that
may become obvious to those skilled in the art and that the
scope of the present invention is accordingly limited by noth-
ing other than the claims.

What is claimed is:

1. An access node in a wireless communication network,
the access node conducting interference resolution of a
received signal, the access node comprising:
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a transceiver module configured to receive and send data

via the wireless communication network;

a backhaul module configured to receive and send data via

a backhaul communication link;

a memory; and
a processor coupled to the transceiver module, the back-

haul module and the memory and configured to:

identify at least one neighboring access node in the
wireless communication network,

exchange, via the backhaul module, communication
parameters with the at least one neighboring access
node,

receive, via the transceiver module, a signal comprising
a transmission from a first user equipment and an
interfering transmission from a second user equip-
ment, the signal being received over a plurality of
uplink resources,

receive, via the backhaul module, resource information
from one or more of the at least one neighboring
access node, the resource information corresponding
to the plurality of uplink resources, and

apply the resource information for interference resolu-
tion of the received signal, the application of the
resource information for interference resolution of the
received signal including determining channel trans-
fer function components based on the resource infor-
mation received from the one or more neighboring
access node and on the signal received by the access
node.

2. The access node of claim 1, wherein the exchange of
communication parameters with the at least one neighboring
access node is performed via a central entity in the wireless
communication network.

3. The access node of claim 1, wherein the communication
parameters include at least one of a hopping sequence indi-
cation and a reference signal indication.

4. The access node of claim 1, wherein the resource infor-
mation received from the one or more neighboring access
node corresponds to at least some of the plurality of uplink
resources and is based on an uplink transmission as received
by the one or more neighboring access node.

5. The access node of claim 4, wherein the resource infor-
mation received from the one or more neighboring access
node further includes an expected reference signal indication
that is associated with the uplink transmission received by the
one or more neighboring access node.

6. The access node of claim 1, wherein the resource infor-
mation received from the one or more neighboring access
node is obtained from a specified stage of receiver processing
in the one or more neighboring access node.

7. The access node of claim 6, wherein the specified stage
of receiver processing is a resource demapping stage.

8. The access node of claim 6, wherein the specified stage
of receiver processing is a stage of receiver processing occur-
ring after an FFT processing stage.

9. The access node of claim 1, wherein the resource infor-
mation is received from the one or more neighboring access
node in response to an assistance request sent from the access
node to the one or more neighboring access node.

10. The access node of claim 9, wherein the assistance
request is sent from the access node to the one or more
neighboring access node if the access node determines that it
is unable to decode the transmission from the first user equip-
ment.

11. The access node of claim 1, wherein the determined
channel transfer function components are associated with the
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transmission from the first user equipment and with the inter-
fering transmission from the second user equipment.

12. A system in a wireless communication network for
conducting interference resolution of a received signal, the
system comprising:

an access node; and

a neighboring access node;

wherein the access node comprises a transceiver module, a

backhaul module, a memory and a processor configured

to:

identify a neighboring access node in the wireless com-
munication network,

exchange, via the backhaul module, communication
parameters with the neighboring access node,

receive, via the transceiver module, a first signal com-
prising a transmission from a first user equipment and
an interfering transmission from a second user equip-
ment, the first signal being received over a plurality of
uplink resources,

receive, via the backhaul module, resource information
from the neighboring access node, the resource infor-
mation being associated with the plurality of uplink
resources, and

apply the resource information for interference resolu-
tion of the received first signal; and the application of
the resource information for interference resolution of
the received signal including determining channel
transfer function components based on the resource
information received from the one or more neighbor-
ing access node and on the signal received by the
access node; and

wherein the neighboring access node comprises a trans-

ceiver module, a backhaul module, a memory and a

processor configured to:

exchange, via the backhaul module, communication
parameters with the access node,

receive, via the transceiver module, a second signal com-
prising a transmission from the second user equip-
ment and an interfering transmission from the first
user equipment,

receive, via the backhaul module, an assistance request
from the access node, the assistance request including
an identification of'a plurality of uplink resources, and

send, via the backhaul module and in response to the
assistance request, resource information to the access
node, the resource information being associated with
the second received signal in the identified plurality of
uplink resources.

13. A method for interference resolution of a received
signal by an access node in a wireless communication net-
work, the method comprising the steps of:

identifying at least one neighboring access node in the

wireless communication network;

exchanging, via a backhaul module, communication

parameters with the at least one neighboring access
node;
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receiving, via a transceiver module, a signal comprising a
transmission from a first user equipment and an interfer-
ing transmission from a second user equipment, the
signal being received over a plurality of uplink
resources;

receiving, via the backhaul module, resource information
from one or more of the at least one neighboring access
node, the resource information corresponding to the plu-
rality of uplink resources; and

applying the resource information for interference resolu-
tion of the received signal, applying the resource infor-
mation for interference resolution of the received signal
including determining channel transfer function compo-
nents based on the resource information received from
the one or more neighboring access node and on the
signal received by the access node.

14. The method of claim 13, wherein the step of exchang-
ing communication parameters with the at least one neigh-
boring access node is performed via a central entity in the
wireless communication network.

15. The method of claim 13, wherein the communication
parameters include at least one of a hopping sequence indi-
cation and a reference signal indication.

16. The method of claim 13, wherein the resource infor-
mation received from the one or more neighboring access
node corresponds to at least some of the plurality of uplink
resources and is based on an uplink transmission as received
by the one or more neighboring access node.

17. The method of claim 16, wherein the resource infor-
mation received from the one or more neighboring access
node further includes an expected reference signal indication
that is associated with the uplink transmission received by the
one or more neighboring access node.

18. The method of claim 13, wherein the resource infor-
mation received from the one or more neighboring access
node is obtained from a specified stage of receiver processing
in the one or more neighboring access node.

19. The method of claim 18, wherein the specified stage of
receiver processing is a resource demapping stage.

20. The method of claim 18, wherein the specified stage of
receiver processing is a stage of receiver processing occurring
after an FFT processing stage.

21. The method of claim 13, wherein the method further
includes the step of sending an assistance request from the
access node to the one or more neighboring access node, and
wherein the resource information is received from the one or
more neighboring access node in response to the assistance
request.

22. The method of claim 21, wherein the assistance request
is sent from the access node to the one or more neighboring
access node if the access node determines that it is unable to
decode the transmission from the first user equipment.

23. The method of claim 13, wherein the determined chan-
nel transfer function components are associated with the
transmission from the first user equipment and with the inter-
fering transmission from the second user equipment.
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